Despite the importance of the blood-brain barrier (BBB), little is known about the molecular mechanisms that control its integrity. The identification of moody, a gene required for the formation and maintenance of the Drosophila BBB, provides new insight into how paracellular junctions are formed at the barrier. Meanwhile, moody also has been identified in a screen for fly mutants with altered sensitivity to cocaine, remarkably implicating the BBB in the physiological response to narcotics.
of the BBB are manifested in the surface glia that cover the central nervous system (CNS). These glial cells form septate junctions and insulate the underlying neurons from the hemolymph, which has a high K + concentration . The tight junctions of mammals and septate junctions of flies are thought to be distinct from both a morphological and molecular perspective. Therefore, Drosophila has largely been ignored as a model system to study the BBB. However, the recent identification of homologous proteins at the epithelial junctions of both flies and mammals has led to a reassessment of this view (Wu et al., 2004) . In Drosophila, epithelial cells are held together by septate junctions, which form the basis of the BBB in this organism. By electron microscopy, these junctions appear as regularly spaced electron-dense septa that form a ladder-like continuous band around the cells ( Figures 1A and 1B, has not yet been examined. However, all invertebrate claudins identified to date are most closely related to the mammalian BBB-specific claudin-12. Inductive Signaling at the BBB A major unanswered question is how the formation of these paracellular junctions is regulated to establish BBB integrity. In mammals, the CNS microenvironment is a key regulator of BBB formation. A two-step hypothesis has emerged to explain BBB formation: first, endothelial cells form leaky vessels; then, tight-junction formation is induced to create the barrier. Astrocytes, a type of glial cell, have been implicated in both processes. Hypoxia-induced expression of VEGF by astrocytes drives cerebral angiogenesis, but the identity of the barrier-inducing signal and whether it is produced by astrocytes is unknown. Identification of this signal may lead to the development of therapies for rebuilding the BBB when it is defective or provide targets for temporarily disrupting the BBB to enable drug delivery.
Paracellular Junctions in Mammals and
Is A key finding is that Moody, unlike the other characterized septate-junction proteins, is relatively specifically expressed by glial cells that insulate the nervous system. Does Moody confer BBB-specific properties on the septate junctions of glia? Although an intriguing possibility, it remains to be determined whether septate junctions in flies have tissue-specific properties in the same way as the tight junctions of mammals. Instead, Moody signaling might be important for inducing the mesenchymal-epithelial transition. This transition involves polarization of the glia followed by formation of septate junctions. Moody does not appear to be involved in the initial transition because mutant glia maintain apical-basal polarity. Given that some fly mutants completely lack septa (neurexin IV and coracle), whereas others (gliotactin, contactin, and moody) have apparently normal septa, although fewer in number and disorganized, it is likely that septate-junction formation itself is a two-step process: formation of initial septa followed by elaboration of these into continuous bands 
Moody in Drug Sensitivity
Concurrently, moody was also identified in a screen for flies with altered sensitivity to cocaine (Bainton et al.,  2005) . Recent advances suggest that Drosophila may be an ideal model system to study drug behaviors. berlein, 2003) . Furthermore, many molecular and cellular correlates controlling these responses seem to be conserved from Drosophila to mammals. Specifically, dopaminergic neuronal systems mediate sensitization in both organisms, and this behavior appears to require cAMP signaling. These similarities have proved fruitful, as mutant screens identifying genes required for cocaine sensitization in Drosophila have led to identification of similar functions of their homologs in mammals. Bainton and colleagues developed a new screen to identify fly strains with altered sensitivity to cocaine by measuring the loss of innate motor behaviors induced by exposure to the drug. They were able to identify a fly strain with an insertion in the moody locus that exhibited increased sensitivity to cocaine. They demonstrated that two forms of the Moody protein exist, α and β, based on differential splicing. Expression of either variant in moody null flies was sufficient to restore viability and glial barrier properties. Interestingly, flies containing a single variant exhibited increased sensitivity to cocaine, which was rescued by expression of the missing Moody variant specifically in glia.
Mammals and fruit flies display similar responses when administered different drugs of abuse (Wolf and He
How is Moody affecting drug sensitivity? One possibility is that although macroscopically the BBB may seem normal in flies containing a single moody splice variant, small alterations in BBB function may allow increased access of cocaine to the CNS. In this case, the increased sensitivity would simply be due to the fly's brain "seeing" more cocaine. The most compelling argument against this is that although these flies have increased sensitivity to cocaine and nicotine, they have decreased sensitivity to ethanol (Bainton et al., 2005) . The fact that these flies have opposite responses to psychostimulants and depressants suggests that the defect is not in accessibility of the drugs but in how the brain reacts to them. The authors propose a second hypothesis: altered drug sensitivity may be secondary to alterations in the CNS that arise from minor defects in the BBB. Small differences in K + , Ca 2+ , or Na + ion permeability might affect drug behavior either by acutely altering neuronal excitability and/or through developmentally influencing CNS connectivity. Thus, an important issue is whether Moody is needed for a wildtype drug response or whether it is needed during development for "hard wiring" of the fly CNS, a question easily answered in the future by analyzing drug responses of flies with a single moody splice variant transiently knocked down in adulthood. Either way, these ideas have major implications, as seemingly small alterations in BBB function may affect not only drug sensitivity but all aspects of behavior. In fact, a polymorphism in the human claudin-5 locus has been linked to schizophrenia (Sun et al., 2004 ).
An alternate possibility is that regulation of BBB permeability and drug sensitivity are two distinct functions of Moody signaling in glia. The most persuasive argument for this hypothesis comes after comparing the phenotype of flies carrying mutations in moody and loco. ., 2002) . Remarkably, RGS4 expression is also modulated by cocaine and morphine in brain regions known to be involved in drug behavior (Bishop et al., 2002 ). It will be extremely interesting to determine whether RGS4 is directly involved in regulating either BBB permeability or drug sensitivity and whether these physiological processes are interconnected in mammals.
Whatever the case, the fly BBB has largely been ignored as a model system for the mammalian BBB. However, the recent identification of claudins as regulators of paracellular permeability in both mammalian tight junctions and insect septate junctions will alter this view. Given that similarity, the identification of Moody, a new GPCR required for the formation of the BBB in flies, has the potential to provide great insight into how the BBB is formed and how this barrier and neuron-glial interactions regulate drug sensitivity and other complex behaviors.
